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Description 

[0001] This invention relates to apparatus for reducing the nnicrobial load, e.g. on foodstulfs, especially fresh and 
processed meats. It also relates to apparatus for near-aseptic packaging of foodstuffs. 

5 [0002] The main determinant of the shelf life of many foodstuffs stored at ambient or chill room temperatures is 
microbial spoilage. The rate at which food deteriorates through the action of microbes is governed by a great variety 
of factors, both Intrinsic and extrinsic. Generally, however, the single greatest factor that determines the rate of microbial 
grov/th (and hence the shelf life of the foodstuff) Is the total number of microbes present on the foodstuff when it goes 
into store. In order to maximise shelf life, it is important to ensure that the foodstuff Is exposed to as low numbers as 

10 possible of microbes. 

[0003] It has long been known that irradiating foodstuffs with ultraviolet rays, especially with wavelength of 235-280 
nm, can be used for reducing the microbial load on foodstuffs. This effect has achieved some commercial success in 
the large scale storage of certain foodstuffs, especially cheeses and other dairy-based products, where comparatively 
large .quantities of the foodstuff are stored chilled under constant ultraviolet irradiation. This can be particularly beneficial 

15 for foodstuffs where mould and other fungi are the primary causes of spoilage, in these circumstances, the conditions 
of ultraviolet radiation have been selected primarily to hinder the growth of microorganisms, ratherthan eliminate them. 
[0004] Ultraviolet light is only effective on the surfaces of foodstuffs, since It has very little penetrative power. This 
inability of ultraviolet radiation to penetrate far into any material is possibly the root cause of the comparatively modest 
success of ultraviolet treatment generally in the food industry. Most non-liquid foodstuffs have convoluted surfaces with 

20 multiple invaginations which harbour microbes that cannot be reached by UV irradiation. The vast majority of packaging 
materials currently in use in the food industry are generally effective barriers to UV penetration; packaging materials 
typically used in the meat industry, for example, may only allow about 5% of the UV irradiation falling upon their surface 
through to the packaged meat. This general opacity to ultraviolet light of most packaging materials in the food industry 
limits the potential of processes which seek to utilise the microbial reductive powers of ultraviolet irradiation on packaged 

25 foodstuffs. UV-transmissible food-grade packaging materials do exist, but their total use In the commercial maricet 
place is not high. 

[0005] Tanaka (US patent 4.983,411) teaches vacuum packing raw meat in a UV transmissible film, exposing the 
vacuum packed meat in its package to ultraviolet irradiation, and then shrink-wrapping the package around the raw 
meat in a high temperature atmosphere. Tanaka therefore proposes packaging, followed by sterilization. The present 

30 application addresses the sterilisation of a foodstuff with subsequent packaging, and the packaging of foodstuffs under 
conditions which maintain the microbially reduced status of the foodstuff after in-adiation in an efficient, simple, and 
cost-effective way. Tanaka uses broad -spectrum UV-radiatlon, including long-wavelength radiation (SOOnm and great- 
er). Such radiation penetrates packaging film relatively easily but is not very effective at impairing or killing microor- 
ganisms. Any such activity is likely to be non-specific, e.g. relying largely on a heating effect. Such in-adiation is likely 

35 ■ to have deleterious effects on meat quality, e.g. associated with photochemical oxidation of lipids and/or pigments. 
[0006] Vacuum packaging of meat can often induce the meat to "weep"; that is, a fluid is drawn from within the meat 
pieces by the vacuum and collects between the meat surface and the inside of the packaging. Weep extruded onto 
the meat surface can inhibit the transmission of UV-radiation, thereby reducing the effectiveness of UV-in-adiation of 
vacuum packaged meat as a system for reducing microbial numbers. 

40 [0007] Another potential drawback limiting the widespread application of ultraviolet irradiation for reducing microbial 
loads on meat and meat products, and other foods, is the potentially deleterious effect on colour and lipid oxidation. 
This latter aspect is likely to be enhanced by the smearing of adipose tissue on the inner surface of UV-transmisslble 
bags that are heat shrunk following evacuation of the air. 

[0008] A further ban-ierto the commercial success of UV irradiation processes for reducing microbial numbers on 

45 foodstuffs has been the expense associated with the dedicated equipment required. 

[0009] The present invention provides a sterilising unit comprising a treatment cavity defined within a tunnel, a plu- 
rality of UV sources distributed around the walls of the tunnel and directed radially inwardly towards the centre of the 
cavity; and an apertured or UV-transmissive foodstuff support located in a central region of the cavity such that a 
substantial space exists both below and above the support, whereby a foodstuff on the support can be Irradiated on 

so substantially Its entire surface; characterised in that the tunnel Is composed of modular units each defining a respective 
chamber, adjacent units being linked end-to-end in a biologically sealed manner to provide a tunnel of desired length; 
there being means for transfemng foodstuff after irradiation from a first said chamberto a second said chamber whereby 
the foodstuff can move from said first to said second chamber without biological contamination, 
[001 0] A conventional metal mesh food grade conveyor may serve as the foodstuff support. The conveyor normally 

55 extends outside of the tunnel so that the foodstuff can be more conveniently placed on the conveyor surface. A variable 
speed conveyor is preferred, for controlling irradiation times. 

[0011] Means may also be provided within the chamber or tunnel for displacing the foodstuff during Irradiation suf- 
ficiently to expose to irradiation the areas of the lower surface of the foodstuff initially in contact with the foodstuff 
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supporting means. When the foodstuff supporting means is a conveyor, satisfactory displacement can be caused by 
the provision of guides or baffles which displace or turn the foodstuff on the conveyor. Aftematively or additionally the 
area of the lower surface of the foodstuff initially in contact with the support conveyor can be exposed to irradiation by 
transferring the foodstuff within the tunnel during in-adiation from the first foodstuff supporting conveyor to a second 
5 conveyor, the interstices of the mesh of the second conveyor being staggered relative to the first. The transfer of the 
foodstuff from one belt to another can also be arranged such that the foodstuff is inverted during transfer so that the 
fonner lower surface of the foodstuff now becomes the upper surface. This arrangement can provide effective irradiation 
of all surfaces irrespective of initial contact points, and therefore there is no need for the interstices of the two belts to 
be staggered. 

10 [0012] In an embodiment of the invention, the unpackaged foodstuff, especially meat primals, may be supported on 
the inner surface of a cage, the cage being further provided with means for rotating the cage and the foodstuff contained 
therein. Rotation of the cage causes the foodstuff supported on the inner surfaces of the cage to tumble, repeatedly 
exposing fresh surfaces to U V irradiation from the lamps of the chamber or tunnel. Apparatus utilising the rotating cage 
approach for alleviating the effects of contact points can be designed as either batch or in-line processes. 

15 [001 3] A feature of the present invention is that it is not only the foodstuff which receives microbial reducing In-adiation, 
It is also the foodstuff supporting means. A chamber or tunnel embodying the present Invention can be constructed 
quite easily and economically, but it is nevertheless a versatile apparatus. It can contain and in-adiate many types of 
equipment commonly found in the food Industry, sterilising the surfaces of the equipment lit<ely to come in contact with 
foodstuffs. This in situ sterilisation can greatly reduce recontamination caused by such equipment. 

20 [0014] In another aspect of the invention there is provided apparatus for the reduction of microbial load on the surface 
of unpaclcaged foodstuffs in combination with the subsequent packaging of the irradiated foodstuff, comprising a ster- 
ilising unit as defined above which includes; a modular unit which contains a packaging station, and is coupled in a 
biologically sealed manner to a modular unit of the treatment cavity, said transferring means being operable to convey 
foodstuff directly from the treatment cavity to the packaging station. 

25 [001 5] In an embodiment, the apparatus comprises a tunnel having a first chamber and a second chamber, the tw;o 
chambers linked end-to-end coaxially, the tunnel having a plurality of UV sources distributed around the walls of the 
tunnel and directed radially inwardly towards the centre of the tunnel so as to provide irradiation from all directions, 
foodstuff supporting means located at least partially within the first chamber, and means for transferring foodstuff after 
irradiation from the first chamber to the second chamber, the two chambers being in biologically sealed end4o*end 

3D relationship whereby the foodstuff can move from one chamber to the other without biological contamination. The 
tunnel is formed by modular chambers linked end-to-end. 

[0016] In general the present invention makes use of UV radiation that falls essentially exclusively in the wavelength 
range 220-300nm, preferably at least substantially in the range 235-280nm and more preferably 250-275nm. This 
means that the radiation is highly effective against microorganisms, but has tittle tendency to ham foodstuffs due to 
35 photooxidation or heating. 

[0017] The invention wilt now be described with reference to the Figures in which:- 

Figure 1 shows a cross section of a steritising apparatus, not according to the present invention, suitable for batch 
processing; 

^0 Figure 2 is a close-up view of the region between points A-A in Figure 1 , the region of mounting one lamp holder; 

Figure 3 is a side elevation of a second embodiment which employs a belt conveyor; 
Figures 4 and 5 are sections on IV-IV and V-V respectively In Figure 3; 

Figures 6, 7 and 8 are schematic plan views of alternative conveyor arrangements for the second embodiment; 
Figure 9 shows a cross-section of a third embodiment which employs a rotary drum conveyor; and 
^5 Figure 1 0 Is a side view of the apparatus shown in cross section in Figure 9; and 

Figure 11 Is a schematic side view of a combined sterilising and packaging system embodying the invention. 

[0018] The apparatus shown in Figure 1 is quite suitable for reducing microbial numbers on foodstuffs commercially 
as a small-scale batch processing system. The same basic design has been used to provide an experimental rig for 

50 evaluating the effects of varying process parameters In a systematic way; some of these experiments are reported here. 
[001 9] Referring first to Figure 1 ; apparatus 1 0 has a cylinder or tunnel 1 2 supported within and by frame 1 4, Frame 
1 4 is suitably made from 2" (5cm) angle iron. Cylinder 1 2 has a reflective inner surface 1 6. In the experiments described 
later the reflective surface was provided by polished zinc; other suitable surfaces include polished metals (such as 
steel or aluminium) or coatings such as magnesium carbonate. The reflective inner surface 1 6 helps to ensure that all 

55 surfaces of the foodstuff to be irradiated receive comparable amounts of UV irradiation, as welt as helping the energy 
efficiency of the apparatus as a whole. In practice, a reflectivity in excess of 65% is desirable; a polished zinc surface 
can achieve about 80% reflectivity, polished aluminium about 85%, while the correct selection of magnesium carbonate/ 
oxide coating can achieve about 70%. However, in commercial use Including frequent wash-down cycles, a magnesium 
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carbonate/oxide coating may well be preferred because, despite Its reflectivity being initially somewhat low, that re- 
flectivity will be maintained for longer. This also means that fewer adjustments need to be made to other processing 
parameters which affect the amount of radiation that a foodstuff receives, such as dweli time within the tunnel and 
distance of the UV lamps from the foodstuff, in order to ensure a constantly effective reduction in microbial numbers. 
5 [0020] The reflective surface 16 can be smooth, or if desired it may be sculptured to enhance and/or direct the 
reflected radiation. 

[0021] The ultraviolet irradiation is provided within cylinder 12 by twelve high intensity fluorescent UV tubes 18 ar- 
ranged in four twin tube holders 20 and four single tube holders 22,22*. The four twin tube holders 20 are located at 
the corners of frame 14 and (as shown in Figure 2) are attached to It by rods 24 provided with fixing screw-thread top 
10 and bottom. Rods 24 pass through and are supported by rod supports 26 & 28 in normal use, but the design also allows 
unit 20 to be moved Inwardly towards the cylinder centre by detaching the ends of rods 24 from frame 1 4 and relocating 
and fixing them in either rod support 26 or rod support 28. 

[0022] The food to be irradiated is placed on upper surface 29 of support grid 30. Grid 30, which is typically made 
of 50 mm mesh, is held within cylinder 12 at about midheight of the cylinder by location bars 32 which run most of the 
IS length of cylinder 12. 

[0023] With one type of in-line commercial unit, the grid 30 and location bars 32 are replaced by a metal mesh 
conveyor. This Is shown in Figs, 3-5. As in the first embodiment, the in^diation cavity is a cylindrical tunnel 12 with a 
UV-reflectlve inner surface 16, suitably provided by a magnesium carbonate/oxide coating. A multiplicity of UV tubes 
1 8 are mounted in the tunnel 1 2 adjacent the surface 1 6. There may be a greater number than in the static embodiment. 

20 Cooling means, e.g. using a fan 99, may be provided. A conveyor belt 100 extends through the tunnel 12, projecting 
at both ends. Its upper, conveying run 102 is in the central region of the tunnel, spaced from the surface 16 and the 
UV tubes 1 8. Its return run 1 04 may pass beneath the tunnel, through a lower chamber 1 06 of a support structure 1 08. 
The chamber 106 and tunnel may hinge open so that the conveyor assembly can be removed for cleaning repair or 
replacement (by a different conveyor or by a static grid). To facilitate this, the conveyor assembly may be mounted on 

25 rollers 110. Drip trays 112. 114 are provided beneath both runs 102,1 04. The tunnel may open atYl and hinge at Y2, 
while the chamber 106 opens at X3-X4 and hinges along X1-X2. 

• [0024] At each end of the tunnel there are shrouds 1 1 6 to minimise escape of UV, suitably having matt black Internal 
surfaces. The upper surfaces 120 slope downwardly away from the tunnel. The side faces 117 may extend downwardly 
to protect the conveyor rollers 1 1 8 from debris and act as guards for workers. The size of the entry and exit apertures 

30 may be adjustable by replaceable or slidable panels. 

[0025] A wide mesh for the conveyor is preferred as this will minimise contact points between the foodstuff and the 
conveyor. To achieve maximum practical increase in shelf-life and ensure satisfactory reduction in microbial numbers 
it is usually desirable to provide some means of exposing to the UV radiation the contact points, that is, the areas of 
the foodstuff Initially in contact with the mesh. Such exposure can be effected in a variety of ways dependent to some 

35 extent on the foodstuff being in^dlated. 

[0026] A simple but effective way of achieving such exposure passively is to provide within tunnel 1 2 guides or baffles 
arranged so that the lowemnosl surface of each guide is close to, but does not touch, the upper run 1 02 of the conveyor 
thereby partly impeding the forward movement of a foodstuff and directing its movement laterally with respect to the 
surface of the belt. Rg. 6 shows baffles for use when the conveyor bears large items, as seen in Fig. 5. Thus after an 

40 Item has travelled some distance through the tunnel It encounters an angled baffle 120 which shifts it laterally by a 
short distance. A laterally spaced baffle 122 may be provided to limit the displacement. There may be further baffles 
(s) 124 downstream. Fig. 7 shows the use of greater numbers of baffles 126, appropriate when the conveyor carries 
small discrete items. Preferably the baffles are part of the conveyor assembly and removable with it for cleaning. 
[0027] Another way of exposing the initial contact points to irradiation is to provide within tunnel 12 a second con- 

45 tinuous belt conveyor In series with the first, the Interstices of the mesh of the second belt being staggered relative to 
those of the first. This is shown in Fig. 8, when the transverse bars 130 of the grids of two conveyors 100,101 are 
shown. The first conveyor has a grid spacing x; the second conveyor has a grid spacing y which may be the same or 
different; and the spatial relationship is such that the distance z between adjacent bars on the two conveyors is different 
from x and Thus as the foodstuff transfers from the first belt to the second, the stagger results in new contact points 

50 between the foodstuff and the second belt, thereby exposing to radiation the contact points that fomierly existed be- 
tween the foodstuff and the first belt. Alternatively or additionally the juxtaposition between the first and second belts 
may be such that the foodstuff is inverted by the transfer from one belt to the other; in this way the new contact points 
are between the belt and a surface of the foodstuff entirely different from that in contact with the first belt. Such an 
arrangement is especially suitable for comparatively "flar food such as steaks and patties. In Fig. 8 an inverter ar- 

55 rangement is schematically indicated at 132. 

[0028] The dimensions of the apparatus may be determined by the field of use. Typically a tunnel will be about 8 
feet (240 cm) long. Tunnel portions are provided in modular units, e.g. 4 feet (120 cm) long, adapted to be joined head- 
to-tail to create desired lengths. Thus a unit may have 'male' and "female' ends, as is shown schematically in Figure 



4 



EP 0 649 283 B1 



11 . The tunnel diameter may be 4 feet (120cm). enabling the spacing of UV tubes from the belt to be about 1 B inches 
(45cm). A suitable belt width is then 27 inches (68cm). 

[0029] A completely different approach to eliminating the potential problem of contact points is to move the foodstuff 
through the irradiation tunnel by way of a screw or drum conveyor. Devices of this kind are well suited for conveying 

5 meat trimmings through an irradiation tunnel, repeatedly exposing new surfaces of the trimmings to in-adiation. On a 
larger scale, a screw conveyor is also suitable for conveying primal cuts through an irradiation tunnel. 
[0030] Figures 9 and 10 illustrate an apparatus which embodies this approach. The apparatus 240 shown in Figure 
9 Is essentially the same as that shown in Figure 1 , but with a drum 242 replacing grid 30. The drum 242 is rotatable 
through the action of a motor and gear box 243 driving helical gears 245, although a drive belt, meshed gears, or other 

10 similar mechanism could be used. Food to be Irradiated within the chamber 244 Is introduced Into the inside of the 
drum 242 by way of a conventional conveyor 246 conveying in direction A shown by the arrow. The entrance 248 to 
drum 242 is in this example located outside chamber 244. Drum 242 has a slight fall from entrance 248 to exit 250 in 
order that the material falls from input side to output side. 

[0031] Drum 242 may be a simple grid structure, the diameter of the mesh of the grid forming the walls 252 of drum 

15 242 being determined by the size of the items of foodstuff intended to be irradiated. Thus, smaller Items of foodstuff 
will require a smaller mesh to retain them within the drum; however, a smaller mesh will tend to reduce the effecth/© 
radiation from UV tubes 18 (shown as broken lines in Figure 10) reaching the foodstuffs within the drum. Dwell time 
of the foodstuff can In these circumstances be Increased by reducing the fall of dmm 242 between entrance 248 and 
exit 250, or by slowing the speed of rotation of the drum 242, or both; another optron is to Include baffles within the 

20 drum 242 to delay the passage of the foodstuff, through the apparatus. Spirally, arranged mesh baffles 254 not only 
slow the rate of throughput of foodstuffs through the chamber, but also guide the foodstuffs along dmm 242 In a truly 
spiral fashion which enhances the evenness of radiation reaching the foodstuffs surface. On leaving the irradiating 
chamber 244, the foodstuff is transfen-ed from exit 50 of rotating drum 242 onto a second conventional conveyor 256 
conveying in directton B shown by the arrow. 

25 [0032] Figures 1 to 10 Illustrate apparatus utilising a basic design of irradiating chamber. This design allows for 
considerable adjustment of the amount of energy striking the foodstuff by selecting the number of lamps used, the 
distance of those lamps from the foodstuff, and the length of time that the foodstuff spends within the apparatus ("dwell 
time"). If more energy is needed, repeating units of similar design can be linked. Units may be similarly linked to provide 
mufti-function systems, for example by sequentially combining reducing the microbial load on meat cuts with automated 

30 packaging inside the tunnel, with continual UV irradiation of all packaging equipment, packaging, and foodstuffs. 

Example 1 : Experimental results 

[0033] The effect on microbes on the surface of meat pieces of UV irradiation within an inxidiation tunnel of the 

35 present invention is illustrated in the following tests. 

[0034] The tests were all undertaken using a test rig similar to that shown in Figure 1 & Figure 2. The UV lamps used 
for all tests had a high UV-C output, with a spectrum showing a narrow peak at 253.7 nm. This peak accounted for 
95% of the output of the lamps. Nominally, each of the lamps used had an average energy output at 253.7 nm of 32 
w, equivalent to an Intensity of approximately 2.8 w/m2 at one metre distance from each lamp. However, this figure 

^0 probably indicates the maximum achievable, and is likely to fall off by at least 6% within the first 10 hours of use. As . 
Indteated above, the reflectivity of.the inner surface of the tunnel, and the distance from each lamp to the surface of 
the foodstuff, will also affect the amount of energy striking an object. Temperature and humidity within the tunnel also 
affect energy dissipation. These factors, and others, make it difficult to provide an accurate prediction of the energy 
striking objects such as the samples used in this experimental trial, or foodstuffs in the commercial application of the 

45 invention. 

[0035] The surfaces of samples of meat were sterilised with UV In the irradiation tunnel using conditions derived 
from a series of preliminary experiments. Onto the sterile surface of each meat sample was then spread an Inoculum 
of either a) heterogenous microbial culture, obtained by swabbing commercial cuts of meat and then growing the 
contents of the swabs in broth; or (b) a culture of Escherichia coli {E.coli) . a microbe responsible for a recent outbreak 
50 of food-poisoning in the USA . 

[0036] Samples were then allocated to a combination of exposure time and number of irradiating lamps. Two, 4, 8, 
or 12 lamps were used arranged as follows:- 

2 lamps: single tube holders 22 (see Rgure 1) 
55 4 lamps: single tube holders 22, 22' 

8 lamps: twin tube holders 20 
12 lamps: tube holders 20,22,22'. 
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[0037] Inoculated samples not subsequently irradiated with UV were used as controls to assess the effect of the 
irradiation tunnel. 

[0038] The effect of the UV irradiation tunnel on the samples inoculated with the heterogeneous microbial culture is 
shown in Table 1 . In Experiment 1 . successive logarithmic reduction In microbial numbers was achieved with 5 and 1 0 
second exposure to UV from 4 lamps and no growth was observed from samples exposed to 4 lamps for 20 seconds 
or more. No growth was observed from any of the samples exposed to UV from 8 or 12 lamps for 5 seconds or more. 
[0039] The experiment was repeated with a second heterogeneous microbial culture. In this Experiment, some growth 
was seen in samples exposed to U V from 2 lamps even after 1 minutes exposure, as shown in Table 1 . As in Experiment 

1 . in-adiation with 8 tubes for 5 seconds increased microbial reduction compared to that observed with 4 tubes for the 
same time, but there was little further benefit in increasing to 12 tubes. 

[0040] The effect on samples inoculated with £co// is shown in Table 2. The results with this potential pathogen were 
directly comparable to those with the heterogenous culture in Experiment 2 above. 

[0041] Tables 3 and 4 show the effect of 5 or 1 0 seconds exposure to different lamp numbers on plate counts from 
samples inoculated with heterogenous or E.coli culture, respectively. In these experiments, the inocula were added at 
1 0-fold iE,coii) or 1 00-fold (heterogenous culture) the concentration of the eariier experiments. A 5 second exposure 
with 8 or 12 lamps caused a 3-4 log cycle reduction in microbial numbers. 

[0042] As a further test of the effectiveness of the UV in-adiation tunnel, E.co/A inoculated meat samples exposed to 

2, 4, 8, or 12 lamps for 10 seconds were stored for 4 days. Meat samples that had been inoculated but not irradiated 
were used as controls. At the end of the storage period, the untreated samples had a distinct smell of lipid oxidation 
and putrefaction. No colour or smell defects were noted in any of the treated samples. 

[0043] In this series of experiments, none of the samples treated in the irradiation tunnel had a measurable increase 
in surface temperature as a result of treatment. 

Example 2 

[0044] The eariier discussion of some ways of ameliorating the effects of contact points between foodstuff and con- 
veyor illustrates a feature of the Invention: any equipment that operates entirely within the tunnel Is Itself being contin- 
ually exposed to biocidal irradiation. For practical purposes such equipment, once sterilised by the UV, will not act as 
a source of recontamination of treated food, A consideration of the passage of a foodstuff Item (a beef steak In this 
example) through an irradiation tunnel can illustrate this point. 

[0045] In this example a first continuous belt conveyor extends from outside the entrance to an irradiation tunnel to 
about midway through the tunnel, at which point the foodstuffs transfer to a second continuous belt conveyor. The 
interstices of the mesh of the second belt are staggered relative to those of the first. 

[0046] When a steak is placed on the mesh of the first conveyor the steak, the area of the mesh around the steak 
but not in contact with it, and the contact points between the mesh and the steak, potentially all hartDour microbes. 
When the steak enters the tunnel it is exposed to U V rays from all sides, as is the mesh of the belt of the first conveyor. 
Microbes present on either the exposed surfaces of the steak or those of the mesh of the belt are gradually destroyed. 
However, the contact points between the steak and the belt receive no irradiation and any microbes there will persist. 
[0047] The steak eventually transfers to the second conveyor. The mesh of the second belt has been sterilised by 
its progress through the irradiation tunnel prior to the point of transfer of the steak from the first conveyor. Because the 
interstices of the mesh of the second conveyor are staggered relative to those of the first, the new contact points are 
solely between sterilised surfaces. However, the few remaining microbes present on the surface of the steak at the 
initial contact points between the steak and the mesh of the first conveyor are now exposed to UV and are destroyed. 

Example 3 

[0048] As so far described, the microbial reduction achieved on the foodstuff could be wasted by recontamination 
after UV treatment, for example through negligent handling, airtjorne microbes, or contact with equipment. The inven- 
tion can be used to provide a near-aseptk: system forthe surface sterilisation and aseptic packaging of foodstuffs such 
as fresh and processed meats by including automated packaging apparatus within the tunnel. This will ensure against 
post-treatment contamination because: 1) the surfaces of the packaging apparatus will be sterilised by the continual 
irradiation with UV from all sides; 2) any microbes contaminating the inside of a bag will be eliminated by UV radiation 
passing through the mouth of the bag; and 3) any contamination physically removed from within a bag during air 
evacuation, which would normally be discharged from the vacuum pump back into the' air of the plant where it could 
recontaminate, will be sterilised. 

[0049] An In-adiation tunnel as shown In Figure 11 was constructed by linking two basic unit chambers 200. 202 
sequentially, with each of the units being provided with twelve UV lamps of the type described in Example 1 . A first 
continuous belt conveyor 204 extended from outside the entrance to the tunnel to about midway inside the first chamber 
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200. A second continuous beltconveyor206 with a mesh with interstices staggered relative to those of the first conveyor 
continued the line from the discharge end of the first conveyor to a packaging machine 208, in this example a CVP 
Freshlife Case Ready 21200 packing machine (CVP Systems. Inc), located In the tunnel's second chamber 202. The 
distance from the lamps in the first chamber to the upper surface of the beft conveyors was about 20", with a similar 
5 distance between the lamps of the second chamber of the tunnel and the midpoint of a bag when In position to receive 
meat. 

[0050] All twenty-four lamps in the tunnel were turned on and allowed to run for a few minutes to sterilise the inside 
of the tunnel. Fresh loins of pork were then placed on the mesh of the first conveyor and moved into the tunnel. Inside 
the tunnel, all exposed surfaces of the loins were exposed to comparable amounts of UV radiation, apart from at the 
10 contact points between the under surface of each loin and the mesh of the belt. On transferring to the second conveyor 
these areas were exposed to irradiation sufficient to reduce the microbial contamination at the initlafcontact points to 
acceptable levels. Dwell time to this point was 5-20 seconds. 

[0051] The loins of pork transferred automatically to a bulk meat bag until a pre-determined weight was reached (4-6 
loins to a bag) at which point the bag moved to the packing station of the Z1200. A second bag moved to the receive 

IS position at the discharge end of the second conveyor and the process was repeated. 

[0052] At the packing station, snoricels extended from the 21 200 Into the mouth of the first bag. A pair of rubber-lined 
jaws were closed around the mouth of the bag and the snorkels, sealing the mouth of the bag. The air inside the bag 
was evacuated for about 5 seconds using a vacuum pump connected to the snorkels, after which about 15 litres of a 
mixture of gases (of which COg was at least 40% and oxygen between 0.5-1 07o) was introduced. The snorkels were 

20 removed from the bag's mouth, and the bag was sealed for about 5.5. seconds (3.5 heat 2.5 cool). At the end of this 
packing cycle, the bag moved from the radiation tunnel and was boxed for despatch. 

[0053] The effect of surface weep on reducing the effectiveness of UV Irradiation was apparent in these trials. Great- 
est reduction In microbial numbers was achieved on loins that showed no weep, and on loins which had been lightly 
dried before entering the Irradiation tunnel. 

25 

Example 4 

[0054] The two continuous belt conveyors used within the irradiation tunnel of Example 3 were removed from the 
tunnel and replaced by an apparatus comprising a vibrating mesh belt conveyor linking at its discharge end with a steel 

30 chute connected to a net weight dispenser. Freshly cut and prepared salad ingredients were placed on the belt outside 
the tunnel , moved through the tunnel's entrance, and irradiated. The vibrating belt continuously exposed new food 
surfaces to the radiation, overcoming the potential problem of contact points. At the discharge end of the conveyor the 
salad Ingredients slid down the chute into the net weight dispenser. Dwell time to this point was 5-20 seconds. When 
about 5 lb of salad ingredients had entered the dispenser the charge was released into a bag positioned beneath the 

35 chute. The packaging material of the bag was sufficiently pemneable to oxygen to ensure anaerobic conditions (which 
could encourage spoilage) would not occur within the package. The filled bag then moved to the packaging station 
and the snorkels were introduced. Because of the delicate nature of some of the ingredients and the risk of enhancing 
spoilage a vacuum time of 2 seconds was used. The bag was sealed (2-3 seconds) and moved from the tunnel for 
boxing and dispatch. 

40 [0055] The shelf life of pre-packaged salads is usually detemnined by growth of moulds, especially Botrytis. In this 
example, the shelf-life of the packs was excellent. 

Example 5 

45 [0056] An apparatus according to the present Invention can also be used to sterilise equipment whfch would in normal 
circumstances be the source of recontamination of a foodstuff after It has received some process which reduces its 
mfcrobiat numbers. Such a use is, of course, not confined to foodstuffs after UV irradiation, as it is equally well suited 
to preventing recontamination of heat treated foodstuffs, for example. 

[0057] In the manufacture of so-called skinless sausages, for example, the sausage meat is first enclosed In a casing 
so and the sausages so fomied are cooked, often to a sterilising temperature. This process heat-sets the sausage suffi- 
ciently such that the casing may be removed using an apparatus which slits the casing of each sausage along its 
length. Although the microbial load of the heat-set meat matrix will have been considerably reduced by smoking, in- 
evitably the water used for shower-chilling, the blade of the casing slitter, the air, and the conveying machinery, will all 
harbour microbes which can recontaminate the sausages. 
S5 [0058] The meat block of a conventional Frankfurter formulation (comprising 60 lbs bull F.C., 20 lbs lean pork trim, 
20 lb regular pork trim) was pre-ground and then transfen-ed to the bowl of a silent cutter. The mix was given an initial 
chop on slow speed, with the addition of 2.5 lb salt. 3.5 lb cereal flour, and a curing spice mix containing .25 ounces 
sodium nitrite, 3 ounces sodium nitrate, 1 .5 ounces mace, and 3.7 ounces white pepper, and a little water. The brat 
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was then made at high speed, with further gradual addition of ice/water to a total of 25 lbs. 
[0059] The sausage meat was filled into casings and linked. 

[0060] The links were placed in a smokehouse and smoked to an internal temperature of about 68"'C. They were 
then shower-chilled to about 30°C. 

[0061] The chilled links were placed on a chain feeder which extended into an irradiation tunnel. The chain feeder 
discharged the links within the tunnel under in-adiation to an automatic casing slitter. After slitting and peeling under 
continuous irradiation, the skinless sausages were bulk-packed, the packs were sealed, and moved from the chamber 
for boxing and dispatch. 

Example 6 

[0062] An irradiation tunnel was constructed as described for Example 3. A continuous belt conveyor was used to 

support beef steaks during Irradiation In the first chamber of the tunnel, as before. At the end of this first conveyor^ the 
beef steaks were over-wrapped as for conventional retail display, except of course this over-wrapping was conducted 
under continuous irradiation. The over-wrapped retail cuts then transfen-ed in suitable numbers to "masterbags". that 
is barrier bags suitable for containing a number of over-wrapped retail cuts of meat. Each masterbag moved in sequence 
to a packing station similar to that of Example 3, where the air was evacuated from the bag and a modified atmosphere 
injected prior to sealing. Sealed bags moved from the irradiation tunnel and were boxed for despatch. 
[0063] Continuing experimentation confines the effectiveness of the invention in combatting dangerous pathogens. 
In particular, we have demonstrated effectiveness in dealing with Campylobacter jejuni , Escherischia coli 0157:H7. 
Listeria monocytogenes. Salmonella typhimurium. and Staphylococcus aureus. 

[0064] In further experiments, various meat cuts were subjected to (a) no sterilization treatment; (b) treatment ac- 
cording to the invention with UV lamps approximately 48cm from the meat surface ("far) or (c) treatment according to 
the invention with UV lamps approximately 30cm from the meat surface ("near"). The meat was then packaged either 
in a vacuum pack or in a gas flushed pack. The number of days required for the aerobic or anaerobic microorganism 
count to reach 1x10^ counts (generally acknowledged as a level rendering the package unfit for sale) was detennined. 
The results are shown in Table 5. It is clear that, in every case, treatment according to the Invention can give substantially 
enhanced shelf life (though care may be required in selecting a suitable lamp spacing). 



TABLE 1 



Plate Counts from Meat Samples inoculated with heterogenous microbial cultures and exposed to U.V. treatment 

for various times. 


No. of lamps 


Replicate 


Length of Treatment (in Seconds) 






5 


10 . 


20 


40 


60 






Experiment 1 


4 


a 


20 


1 


0 


0 


0 




b 


10. 


1 


0 


0 


0 


8 


a . 


0 


0 


0 


0 


0 




b 


0 


0 


0 


0 


0 


12 


a 


0 


0 


0, 


0 


0 




b 


0 


0 


0 


0 


0 


Untreated 




605 


605 


615 


590 


600 






Experiment 2 


2 


a 


250 


9 


0 


1 


1 




b 


258 


9 


1 


0 


1 


4 


a 


168 


0 


0 


1 


0 




b 


100 


3 


0 


0 


0 
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TABLE 1 (continued) 



Plate Counts from Meat Samples Inoculated with heterogenous microbial cultures and exposed to U.V. treatment 






for various times. 








Kin nf iamnc 




Length of Treatment (in Seconds) 






Experiment 2 


3 


gt 
a 


1 


0 


0 


0 


0 




b 


1 


0 


0 


0 




12 


a 


0 


0 


0 


0 


0 




b 


0 


0 


0 


0 


0 


Untreated 


a 


578 


593 


603 


595 


582 




b 


738 


695 


713 


705 


726 



20 

^ TABLE 2 



25 


Plate Counts from Meat Samples inoculated with E.coli and exposed to U.V. treatment for various times. 


No. of lamps 


Repffcate 


Length of Treatment (in Seconds) 


5 


10 


20 


40 


60 




2 


a 


222 


5 


0 


0 


0 






b 


147 


5 


0 


0 


0 


30 


4 


a 


52 


1 


0 


. 0 


1 






b 


26 


0 


0 


0 


0 




8 


a 


3 


1 


1 


0 


0 


35 




b 


0 


0 


0 


0 


0 




12 


a 


3 


0 


1 


0 


0 






b 


1 


2 


0 


0 


0 


40 


















Untreated 




1132 


1088 


1099 


1076 


1154 



TABLES . 



Plate Counts from Meat Samples Inoculated with concentrated heterogenous microbial culture and exposed to U. 

V. treatment for various times. 


No. of tubes 


Length of Treatment (in Seconds) 




5 


10 


2 


>6000 


122 


4 


>4000 


136 


. 8 


180 


22 


12 


40 


17 
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TABLE 3 (continued) 



Plate Counts from Meat Samples inoculated with concentrated heterogenous microbial culture and exposed to U. 

V. treatment for various times. 


No. of tubes 


Length of Treatment (in Seconds) 




5 


10 


Untreated 


>50.000 


>50.000 


TABLE 4 


Plate Counts from Meat Samples inoculated with concentrated E.coli culture and exposed to U. V. treatment for 

various times. 


No. of tubes 


Length of Treatment (in Seconds) 




5 


10 


2 


166 


4 


4 


30 


2 


8 


1 


1 


12 


2 


2 


Untreated 


2690 


2610 



10 



15 



20 



25 



30 



35 



40 



45 



TABLE 5 





Vacuum Pack 


Gas Flushed 


Untreated 


Far 


Near 


Untreated 


Far 


Near 


(Days to 1 X 106 Aerobic Counts) 


Loin 


30 


34 


44 


35 


53 


70+ 


Tenderloin 


23 


45 


37 


38 


32 


49 


Shank 


25 


28 


38 


40 


52 


40 


(Days to 1 X 10® Anaerobic Counts) 


Loin 


22 


39 


39 


34 


45 


70+ 


Tenderloin 


27 


44 


39 


42 


30 


49 


Shank 


21 


28 


32 


38 


46 


70+ 



Claims 

1 . A sterilising unit comprising a treatment cavity defined within a tunnel (1 2), a plurality of UV sources (1 8) distributed 
around the walls of the tunnel (12) and directed radially Inwardly towards the centre of the cavity; and an apertured 
or UV-transmissive foodstuff support (30) located In a central region of the cavity such that a substantial space 
exists both below and above the support (30), whereby a foodstuff on the support (30) can be inradiated on sub- 
stantially its entire surface; characterised in that the tunnel is composed of modular units (200,202) each defining 
55 a respective chamber, adjacent units being linked end-to*end in a biologically sealed manner to provide a tunnel 

of desired length; there being means for transfenring foodstuff after irradiation from a first said chamber to a second 
said chamber whereby the foodstuff can move from said first to said second chamber without biological contami- 
nation. 
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A sterilising unit according to claim 1 wherein a modular unit has a male end and a female end for coupling to 
complementary ends of like units. 

A sterilising unit according to claim 1 or claim 2 wherein modular units are linked to provide a desired amount of 
irradiation for foodstuffs passed through the tunnel. 

A sterilising unit according to any preceding claim wherein modular units are linked to provide a multi-function 
system (200,202). 

A sterilising unit according to any preceding claim wherein the foodstuff support is conveyor means (1 00) operable 
to convey foodstuffs through the tunnel. 

A sterilising unit according to any preceding claim wherein the walls of the tunnel have a UV-reflectlve surface 
coating (16). 

A sterilising unit according to any preceding claim wherein the UV sources (1 8) are such that the UV radiation falls 
essentially exclusively in the wavelength range 220-300nm. 

A sterilising unit according to any preceding claim wherein one said modular unit (202) contains a packaging station 
(208) and is coupled in a biologically sealed manner to the or a said modular unit (200) of the treatment cavity, 
said means for transferring foodstuff being operable to convey foodstuff directly from the foodstuffs treatment cavity 
to the packaging station. 

A sterilising unit according to any preceding claim wherein the support and foodstuff transferring means comprise 
a rhetal mesh food grade conveyor, and there are means for displacing the foodstuff relative to the conveyor during 
irradiation to expose to in^adiation the areas of the foodstuff initially in contact with the conveyor. 

10. A sterilising unit according to claim 9 wherein the displacing means comprise guides or baffles. 



Patentanspruche 

1. Sterilisationselnheit, umfassend einen Behandlungshohlraum, der innerhalb eines Tunnels (12) definiert ist, eine 
Vielzahl von UV-Quellen (18), die um die Wande des Tunnels (12) herum verteilt und radial nach innen zur Mltte 
des Hohlraums hin gerichtet sind; sowie einen mit Offnungen versehenen Oder UV-durchlSsslgen Nahrungsmlt- 
teltrager (30), der in einem mittleren Bereich des Hohlraums angeordnet ist, so dass sowohl unterhalb als auch 
oberhalb des Tragers (30) ein betrachtlicher Raum vorhanden ist, wodurch ein Nahrungsmittel auf dem Trager 
(30) im Wesentlichen auf seiner gesamten Oberflache bestrahit warden kann; dadurch gekennzeichnet, dass 
der Tunnel aus Moduleinhelten (200, 202) besteht, die jeweils eine jewellige Kammer definieren, wobei benach- 
barte Einheiten Ende-an-Ende auf biologisch abgedichtete Weise miteinander verbunden sind, um einen Tunnel 
mit enwunschter Lange bereitzustellen; wobei MIttel zum Transportleren von Nahrungsmittel nach der Bestrahlung 
aus einer ersten solchen Kamrner in eine zwelte solche Kammer vorhanden sind, wodurch das Nahrungsmittel 
ohne biologische Verunreinigung aus der ersten In die zwelte Kammer gelangen kann. 

2. Sterilisationselnheit nach Anspruch 1 , worin eine Modulelnheit ein Stecker- und ein Buchsen-Ende zum Ankoppeln 
an komplementare Enden gleichartiger Einheiten aufweist, 

3. Sterilisationseinhelt nach Anspmch 1 oder 2. worin Moduleinheiten miteinander verbunden sind, um fur ein er- 
wunschtes AusmaB an Bestrahlung fur durch den Tunnel hindurchgeschickte Nahmngsmittel zu sorgen. 

4. Sterilisationseinhelt nach einem der vorangegangenen Anspruche, wodurch Moduleinheiten miteinander verbun- 
den sind, um ein Muttifunktionssystem (200, 202) bereitzustellen. 

5. Sterilisationselnheit nach einem der vorangegangenen Ansprijche, worin der Nahrungsmitteltrager ein Fordermit- 
tel (100) ist, das so betrieben werden kann, dass es Nahrungsmittel durch den Tunnel befordert. 

6. Sterilisationselnheit nach einem der vorangegangenen Anspruche, worin die Wfinde des Tunnels eine UV-Strahlen 
reflektierende Obertlachenbeschlchtung (1 6) aufwelsen. 



3. 
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7; Sterilisationseinheit nach einem der vorangegangenen Anspruche, worin die UV-Quellen (1 B) so beschaffen sind, 
dass die UV-Strahtung im Wesentlichen ausschlieBlich in den Wellenlangenbereich von 220 bis 300 nm fallt. 

8. Sterilisationseinheit nach einem der vorangegangenen Anspruche, worin eine solche Moduleinheit (202) erne Ver> 
packungsstation (208) enthitt und auf biologtsch abgedichtete Weise an die Oder eine sotche Moduleinheit (200) 
des Behandlungshohlraums gelcoppelt ist, wobei das Mittel zum Transportieren von Nahrungsmittel so betrieben 
werden kann, dass es Nahrungsmittel direkt vom Nahrungsmittelbehandlungshohlraum zur Verpackungsslation 
befordert. 

9. Sterilisationseinheit nach einem der vorangegangenen Anspruche, worin der Trager bzw. das Nahrungsmittel- 
transportmlttel einen lebensmittelechten Metallgitterforderer umtassen und Mittel vorhanden sind, urn das Nah- 
rungmittel wahrend der Bestrahlung in Bezug auf den Fordererzu verlagem, urn die Bereiche des Nahrungmittels 
Strahlung auszusetzen, die zu Beginn mit dem Forderer in Kontakt stehen. 

10. Sterilisationseinheit nach Anspruch 9, worin das Mittel zur Vertagerung Fuhrungen oder AbienkflSchen umfasst. 



Revendications 

1. Une unit§ de sterilisation comprenant une cavite de traitement definie a Pinterieur d'un tunnel (12), une plurality 
de sources UV (18) reparties autour des parols du tunnel (12) et dirigees radialement vers I'interieur en direction 
du centre de la cavit6 ; et un support (30) pour prodults allmentaires, perfor6 ou transmettant les UV, piac6 dans 
une zone centrale de la cavit§ de telle manifere qu'il existe un espace substantiel k la fois en dessous et au-dessus 
du support (30), de sorte qu'un produit alimentaire sur le support (30) peut etre soumis a une in-adiation sur sen- 
siblementtoute sa surface ; caracteriseen ce que le tunnel se compose d'unites modutaires (200, 202) definissant 
chacune une chambre respective, les unites adjacentes etant reunies bout k bout d'une manl&re biologlquement 
6tanche pour cr6er un tunnel de longueur d^siree ; des moyens §tant pr§vus pour transferer le produit alimentaire 
apres irradiation depuis une premiere desdites chambres jiisqu'a une seconde desdites chambres de sorte que 
le produit alimentaire peut etre amen^ k se dSpiacer depuis ladite premiere jusqu'^ ladite seconde chambre sans 
contamination biologique. 

2. Une unite de sterilisation selon la revendbation 1 dans laquelle une unitd modulaire pr6sente une extremite m§le 
et une extremite femelle pour couplage k des extr^mit^s compl^mentaires d'unites analogues. 

3. Une uhit6 de sterilisation selon la revendication 1 ou la revendication 2 dans laquelle des unites modulaires sont 
rellees pour fournir une quantite desiree d'irradiation a des produrts alimentaires amenes k passer k travers le 
tunnel. 

4. Une unite de sterilisation selon une quebonque revendication pr^cedente dans laquelle des unite's modulaires 
sont reliees pour creer un systeme multifonctions (200, 202). 

5. Une unite de sterilisation selon une quelcpnque revendication precedente dans laquelle le support pour prodults 
allmentaires est un moyen transporteur (100) pouvant fonctionner pour transporter des produits alimentaires a 
travers le tunnel. 

6. Une unite de sterilisation selon une quelconque revendication pr6cedente dans laquelle les parois du tunnel pre- 
sented un revetement de surface (16) refiechissant les UV. 

7. Une unite de sterilisation selon une quelconque revendication precedente dans laquelle les sources d'UV (18) 
sont telles que le rayonnement UV tombe de manifere essentielle exclusivement dans la gamme des longueurs 
d*ondes de 200 ^ 300 nm. 

8. Une unite de sterilisation selon une quelconque revendication pr6cedente dans laquelle une desdites unites mo- 
dulaires (202) contient un poste d'emballage (208) et est couplee d'une maniere biologiquement etanche k I'unlte 
modulaire (200) ou a Tune desdites unites modulaires de la cavite de traitement, lesdits moyens pour transferer 
le produit alimentaire pouvant fonctionner pour transporter le produit alimentaire directement depuis la cavite de 
traitement des produits alimentaires jusqu'au poste d'emballage. 



12 



EP 0 649 283 B1 



9. Une unite de sterilisation selon une quelconque revendication precedente dans laquelle le support et les moyens 
de transfert du produit allmentaire comprennent un transporteur de qualite alimentaire a mailles m6taHiques, et 
ou 11 existe des moyens pour d6placer le produit alimentaire par rapport au transporteur pendant Tin-adiation afin 
d'exposer k une In-adiatlon les zones du produit alimentaire initlalement en contact avec le transporteur. 

5 

10. Une unite de sterilisation selon la revendication 9 dans laquelle les moyens de deplacement comprennent des 
guides ou des deflecteurs. 
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